INTRODUCTION
The Zackery Lystedt Law was signed on May 2009. The law is named for Zackery Lystedt who, in 2006, suffered a brain injury following his return to a middle school football game after sustaining a concussion. This law requires coaches, parents, and athletes be educated about concussion and sign an informational sheet. 1, 2 Since April 23rd, 2013, 47 states and Washington D.C have passed laws protecting student-athletes from returning to play too soon after suffering a concussion. 3 But still, it is estimated between 1.6 and 3.8 million sportrelated concussions occur each year in the United States. 4 Out of which, the highest overall injury rate occurred in football, wrestling, soccer, and girls' basketball, according to the Centers for Disease Control and Prevention. 5 Concussion is defined as a complex process that involves traumatic biomechanical forces either from the head, face, neck or elsewhere from the body that gets transmitted to the brain. 6 There are several definitions that fit into the spectrum of head injuries besides concussion, which include postconcussion syndrome, prolonged postconcussion syndrome, and chronic traumatic encephalopathy. The difference between them is time. Concussion symptoms usually resolve in 7-10 days. 6 Anything beyond this time frame falls into postconcussion syndrome. Per the 4 th edition of the Diagnostic and Statistics Manual, cognitive deficits in attention or memory must be present along with at least 3 or more of the following symptoms: fatigue, sleep disturbance, headache, dizziness, irritability, affective disturbance, apathy or personality change. 7 In prolonged postconcussion syndrome, symptoms last greater than 6 months or more. 8 Last but not least, chronic traumatic encephalopathy is defined as a progressive neurodegenerative syndrome caused by episodic and repetitive blunt forces to the head that allows the transfer of deceleration/acceleration forces to the brain. This can cause a spectrum of mood disorders, neuropsychiatric disturbance, and cognitive impairment. 
PATHOPHYSIOLOGY
The frontal and temporal lobes are particularly vulnerable to the mechanical forces experienced in a concussion. 10 Metabolically, the proposed mechanism described by Hovada and his team involves cells immediately injured from the mechanical force are exposed to dramatic shifts in both intracellular and extracellular environments. 11 This results in excitatory amino acid induced ionic shifts with increased Na+/K+ ATPase activation causing hyperglycolysis. The net effect leads to an increase in energy demand with a decrease in cerebral blood flow.
11 Figure 1 describes the mechanism. Eventually, the blood brain barrier is disrupted, which leads to secondary brain injury that affects the cerebral cortex. If repetitive head injuries occur, tau proteins can be deposited, and these proteins have been associated with Alzheimer's Disease. 9, 12 
SIGNS/SYMPTOMS
Each concussion is unique. Duhaime found that many players had a delayed onset of symptoms from the initial impact. 13 Acute symptoms may start with cognitive changes that include loss of consciousness, amnesia or confusion/ disorientation with progression to somatic complaints that include nausea, vomiting, dizziness and visual disturbances. The late sequela from a concussion can include somatic complaints such as headache, fatigue, dizziness, and lethargy. In addition, behavioral symptoms have also been reported such as changes in mood, anxiety, depression, sleep disturbances, and irritability. A study by Makdissi followed 88 Australian football players and described their progression of symptoms as seen in Table 1. 14 Table  2 provides a summary of signs/symptoms. Given with variability of symptoms, some may overlap between acute and chronic phases. In addition, Collins demonstrated that the presence of amnesia, prolonged disorientation greater than five minutes, and not the loss of consciousness appeared predictive of symptom and neurocognitive deficits, which necessitated physician referral and a more thorough neurologic evaluation.
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EVALUATION
On game day, athletes underreport their symptoms just to stay in the game. A study by Echlin demonstrated the interaction of coaches, athletes, athletic trainers, and team doctors. 15 His team found that athletes resisted describing their symptoms to the physicians. Numerous coaches overruled the team physician's recommendations and used intimidation tactics to keep the player in the game despite having concussion symptoms. Similar events also occurred with athletic trainers. 15 When an athlete sustains a head injury, the player is immediately removed from the game. A primary survey of airway, breathing, and circulation is performed with the cervical spine in neutral position. Sideline assessment includes: obtaining history of mechanism, observation, palpation, range of motion, strength and functional tests including a neurologic examination. One can ask questions regarding memory such as moment of impact, opposing team's name, what foods were eaten at lunch etc. To check for anterograde amnesia, one can ask three unrelated words to be tested at 10-15 minute intervals. 16 The standard questions of time, place, and person have been shown to be unreliable and should not be used. 6 To determine the absence or presence of concussion, there are several checklists available. They include the Concussion Recognition Tool (CRT) and the Sports Concussion Assessment Tool V.3 (SCAT3). SCAT3 incorporates both the Maddocks' questions and the Standardized Assessment of Concussion (SAC). Once an athlete has been identified from either questionnaire, they are not allowed to return to the game on the same day. 6 The athlete is further evaluated with Balance Error Scoring System (BESS) and neuropsychological (NP) tests. Both of which are completed on an outpatient basis.
BESS consists of 6 assessments that include 3 different stances (single, double, and tandem) on firm and unstable surfaces. Each position is held for 20 seconds, while the athlete's hands are on their iliac crests and their eyes are closed. One error point is given for each error with a maximum of 10 points. There are several computerized NP tests used to track cognitive recovery. They include: ImPACT, CogSport, and Headminder Concussion Resolution Index. Table 4 provides a summary of each NP test. Of note, NP tests provide prognostic information and do not change the management of athletes who are symptomatic at rest or with exercise. 20 In addition, computerized NP tests do not test for verbal-auditory memory or auditory processing functions. 21 In a study by Comper, his team performed a systematic review that evaluated the methodological quality of NP tests, where 43 studies out of 349 were evaluated. From 2003 to the present, computerized NP tests were used more than paper and pencil testing as demonstrated in 15 of the studies, while eight continued paper and pencil testing. Overall, his team found deficiencies in selection bias, sex differences, a lack of definition of concussion, and that the studies focused mostly on football. 22 Another study by Covassin focused on the role of age and sex in neurocognitive testing using ImPACT and BESS. Female athletes performed worse than male athletes on visual memory (mean, 65.1% and 70.1% respectively; P = .049) and reported more symptoms (mean 14.4 and 10.1) after concussion (P = .035). High school athletes performed worse than collegiate athletes on verbal (mean 78.8% and 82.7%, P = .001) and visual memory (mean, 65.8% and 69.4%, P = .01). High school male athletes were still impaired on verbal memory seven days after concussion compared with collegiate athletes (P = .001). High school male athletes scored worse on BESS Overall, there are no direct tests that can determine the outcome from a concussion. The Zurich guidelines stress that there is no need for baseline NP tests for all athletes and there is insufficient evidence for routine use. 6 Ideally, NP tests should be performed when an athlete is asymptomatic, but if done in the early stages from the time of injury, they maybe of value to track neurocognitive recovery. 6 With the use of NP tests and BESS, they can help guide clinicians to augment their clinical decision in treating athletes. 14, 23 If NP test or formal balance assessment is not used, a conservative approach should be employed before returning to play. 6 In the end, the physician makes the determination when an athlete can return to play.
In regards to imaging, CT scan and MRI are generally insensitive to measuring the subtle effects in a concussion. 6 In cases of prolonged disturbances of the conscious state, focal neurological deficits, worsening clinical status, or suspicion of an intracerebral lesion, imaging is then warranted. 
TREATMENT
The athlete needs to rests their brain, where concentration and attention are minimized. Examples include but not limited to: reading, schoolwork, video games (television, computers, and handhelds), text messaging, and working. 6 If a studentathlete returns to school, their school workload needs to be adjusted to not provoke symptoms such as having a later start date, taking frequent breaks, studying in a quiet environment, having alternate forms of examinations and smaller homework assignments. 24 In addition, if dizziness is still present, the student should be able to leave before the bell to transition to their next class by avoiding the large crowds.
24 Physical rest also needs to be achieved by limiting further contact to the head and abstaining from strenuous exercises such as aerobic activities and resistance training. 25 The modified routine should remain in place until symptom free.
Moreover, NSAIDS are to be avoided, since they may mask symptoms and complicate recovery time. 25 In the past, postconcussion symptoms were treated with medications and other modalities as shown in Table 5 . Today, review of the literature demonstrates there is no standard approach in treatment of symptoms. 25, 26 Per the Zurich guidelines, there are two instances where medications can be allowed (1) management of specific or prolonged symptoms and (2) modifying the underlying pathophysiology of a condition to shorten the duration of the symptom. 6 If dizziness still persists, vestibular rehabilitation has been shown to improve vertigo and gait. 11 If postconcussion symptoms persists for 3 to 6 weeks or more, a stepwise exercise program and rehabilitation may be required. 7 Osteopathic manipulation can also be another form of treatment to help with somatic dysfunctions at the cervical and thoracic regions by using muscle energy or high velocity, low-amplitude (HVLA) techniques. 27 In addition, the Muncie technique can be used to help with vertigo by inserting a gloved finger over the palatine tonsil and applying a circular traction, while at the same time applying a lateral force. The traction that is created helps break up adhesions in the Eustachian tube. 28 
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RETURN TO PLAY
Once concussion symptoms have resolved, NP results show improvement, and that the athlete is not taking medications that may mask symptoms, the athlete follows a graduated return to play protocol. There are six steps, and each step requires a minimum of 24 hours with the athlete remaining asymptomatic before progressing to the next step. 6 Table 6 lists each step in the protocol.
CONCLUSION
The Zurich guidelines are the cornerstone in concussion management at this time. Even with the current guidelines and legislation, the most devastating complication in any concussion is second-impact syndrome. This occurs when an athlete returns to play too soon before their concussion resolves and receives another concussion. From that second impact, rapid deterioration in neurologic status can lead to death within minutes due to cerebral edema and herniation. 29 It is prudent when an athlete is concussed, the player is taken out of the game and not be allowed to return to play on the same day. Through a period of physical and cognitive rest, the athlete can then be transitioned back into their school workload that has been adjusted for them. In the end, this can lead to a safer return to play once a physician deems the athlete is ready to participate in sports again. Increase heart rate.
3. Sport-specific exercise. Skating drills in ice hockey, running drills in soccer. No head impact activities.
Add movement.
4. Non-contact training drills. Progression to more complex training drills. Exercise, coordination, and cognitive load.
5. Full contact practice. Participation in normal training activities after medical clearance.
Restore confidence and assess functional skills by coaching staff.
6. Return to play. Normal game play.
